The objective of this paper is to elucidate the deformation behavior of elastic-plastic contact between hemispherical asperities. A finite element model for frictionless contact between two asperities is developed using a commercial FEM package and verified by comparing the numerical results in the elastic deformation regime, with the Hertzian theory. Analysis is then extended to multiple asperities to understand the influence of nearer asperities on deformation and load distribution behavior, covering the elastic-plastic regime. The analysis yields parameters like contact area, interference and maximum contact pressure for various values of normal loads.
INTRODUCTION
Knowledge of contact stresses generated when two surfaces are in contact play a significant role in understanding most mechanisms of friction and wear. Contact between engineering surfaces is discontinuous owing to the surface roughness effect and the real contact occurs only at discrete asperities; thus the real area of contact is a small fraction of the nominal contact area. As the normal load increases existing contacts grow to support the increasing load and the surface move closer to each other, a larger number of other higher asperities on the two surfaces come into contact. So it is necessary to relate the force acting on the asperities, and its deformation to the actual contact area (real pressure distribution, real contact area etc.,) and internal stresses in subsurface layers. This paper presents a method for the analysis of an elastic-plastic contact between surfaces, using randomized block approach, each block consisting of finite number of surface asperities. (Fig.1) In contact mechanics of rough surfaces, the method of calculation of contact characteristics developed by Greenwood and Williamson (GW model) [1, 2] is widely used. Considering the realistic material properties, Zhao et. al (ZMC model) [3] devised an elasto-plastic model, which interpolates between the elastic and fully plastic models. Chang, et al. [4] (CEB model) approximated elasto-plastic contact by modeling a plastically deformed portion of a hemisphere using volume conservation Recently Kogut and Etsion (KE model) [5] presented an accurate elastic-plastic finite element solution for the contact for a sphere pressed by a rigid flat.
The current work used 2 and 3-D finite element method (FEM) to model spherical axisymmetric, elastic-plastic contacts. The numerical results (interference, contact radius and contact pressure) obtained from FEM analysis of 2-D two spheres in contact were first verified with the analytical results from Hertz solution in elastic regime. The difference in the results was less than 2 %. Then the analysis is extended to multiple asperity contact to show the load sharing and pressure distribution using 3 -D FE Model
The tips of surface asperities on solid bodies were considered as spherically shaped so that the contact of two flat bodies can be reduced to the study of an array of spherical contacts deforming at the tips.
FOUR ASPERITIES CONTACT
The three dimensional asperities were generated by rotating the cross-sections through 360 0 The left and right contacting asperities were modeled with radii of 0.0098 mm and 0.01 mm respectively (Fig.2) . Three-dimensional 20-noded structural elements SOLID95 were selected to discretize the domains. To detect contact between the upper and lower asperities, three-dimensional 8 node surface-to-surface contact elements CONTA174 and TARGET170 [6] were employed. To prevent the lower asperities from moving, the nodes present on the bottom face were rigidly constrained from translating in the x, y and z directions. The nodes present on the top face of the upper asperities were constrained from translating along x and z directions, y direction were coupled to get uniform deformation for the applied load. In four asperity contact model, initially right side asperities are in contact and other two left side 
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asperities remains closer to each other. As the normal load increased, the left side contacting asperities move closer together and at certain load, two asperities come into contact to support the increasing load. An interference value of 4e -4 mm is assumed between the left side contacting asperities. Load is increased such that when it crosses the interference value, the changes could be studied.
Fig.2 Three Dimensional model of four Asperity contact

RESULTS AND DISCUSSIONS
The results obtained from the current FEM analysis clearly follow a different path, and lies in between ZMC model and KE model as could be observed from typical results on contact pressure (Fig. 3) and dimensionless contact load (P/Pc) plotted as a function of ω/ω c (Fig.4) . This is due to the accurate calculation of critical contact load and also unlike KE model, developed for sphere on a rigid flat, the proposed model consists of flexible to flexible two sphere contacts. The comparative values of interference value between two and four is shown in Fig.5 . Up to the preset interference there was no change in interference values between two and four asperities in contact. Whereas in the case of four asperities in contact, when the load increases and as the neighboring asperity comes into picture sharing the applied load the interference drastically changes. The results clearly show that, at the limiting interference of elastic plastic contact, up to 30 % more load can be sustained. Stress visualizations provide a clear picture of this load sharing between the neighboring asperities and how it helps the asperities to remain in the elastic-plastic state. Further from the present analysis, the distribution of maximum contact stress and contact radius, shared among the asperities in the elastic-plastic regime can also be deduced.
CONCLUSIONS
The elastic-plastic contact problem of a deformable sphere in contact with another sphere was modeled initially in 2-D and the results have shown to be valid in comparison with Hertizian and other models. The material is modeled as elasticplastic, and yielding to occur according to the mean contact pressure criterion. Analysis is then extended to four asperities with differential contact in 3-D and solved with increasing loads. The results show that the on set of elastic-plastic limit is delayed when comparing with models with individual asperities. Thus for modeling contact problems the role of neighboring asperities should be taken into account.
